Abstract-This research contributes to the improvement of the increasing requirements for the improving the traceability and transparency of fish and fishery products, which are subject of rapid deterioration during the supply chain. The research study the requirements for the fish and fishery products traceability system, taking the consideration the European and national legislation for food safety and security, the supply chain stakeholders, and the technology of fish and fishery products. The paper presents general framework of a cloud computing based traceability systems, which is designed in order to trace the fish and fishery products in the supply chain
The implementation of the traceability system can connect the producers, governments, non-governmental organizations and market actors, providing a base for ensuring that sustainability standards and contribute to achieving the transparency in the food supply chain and it has to be designed in order to fulfil this important requirement [2] . The strategies for fish sector development promoted at the wide world level, name the traceability as an important tool for the market access, and for contributing to the complete, rapid recall of any implicated lot of the finished product from the market. It is present in the regulations o f major seafood markets such as the EU, the USA and Japan. In addition, it has to be complementary and enhance the FAO-lead initiatives against illegal, unreported and unregulated (TUU) fishing [2] , In what concern the Romanian fishery industry, the lack o f traceability is mentioned as one o f the main reasons for the reduced consumption of fish and fishery products and of the IUU fishing in the in land waters [6] , This paper describes the design and development of a traceability system. TraSiPesc is a traceability system designed and developed for fish and fishery products. Fish and fishery supply chain and its management require expertise in a large variety of disciplines and the ability to perform computationally analyses [7] . The system was designed taking the consideration the need of increasing the acceptance o f the traceability system for fish and fishery products by the sector business. This stage involved the identification of the factors that influence the acceptance o f a traceability system, as well as determining the requirements for the fish and fish traceability system for the participants in the supply chain, including the consumers as the end users. In addition, the design took in consideration the general principles of traceability, the European Union (EU) and the national legal framework, as well as the particularities of the fishery industry.
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II. L e g is l a t i v e F r a m e w o r k f o r t h e t r a c e a b il i t y o f f is h AND FISHERY PRODUCTS
International Organization for Standardization (ISO) is the body who imposed at the international level the general definition as traceability. Traceability is "the ability to trace the history, applications, or location o f that which is under consideration" [8] , When is referring to a product, "traceability can relate to the origin of material and parts, processing history, and distribution and location of the product after deliver" [8] , In Codex Alimentarius adopt the general definition and update it for food and food products, by stipulating that traceability is "the ability to follow the movement o f a food through specified stage o f production, processing, and distribution [9] , Romania, as a member o f the European Union, has to implement and respect the European Union legal framework for food and food products, which seems to be complicated and confusing. European Union Law Regulation no. 178/2002 [10] , provides a particular definition for food products. Traceability is defined as "the ability to trace and follow a food, feed, food-producing animal or substance intended to be, or expected to be incorporated into a food or feed, through all stages of production, processing, and distribution". Current European Union legislation refers directly and indirectly to traceability both for general food and specifically for fishery products [11] . The Romanian legal framework follows the definition o f traceability provided by the European Union. It was updated by introducing the traceability by the Law no. 150/2004 [12] , like "the possibility of identifying and tracing, through all stages of production, processing and distribution of food, feed, an animal intended for food production or a substance which is, or that can be incorporated into food or feed for animals". The regulation that directly refers to fish and fishery products is European Union Regulation no. 104/2000 [13] for the common market of fishery and aquaculture products [14] , The largest impact on the traceability implementation for fish and fishery products had the European Union Regulation no. 1005/2008 [15] , which imposes the compliance with the traceability for fish and fishery products in the European countries. Since the adoption of European Union Regulation no. 1224/2009 [16] , was established an updated the system for the Community control in order to be ensured compliance with the rules o f the Common Fisheries Policy [17] .
III. ANALYSIS ON THE FISH AND FISHERY TRACEABILITY INFORMATION

A. Tracking the fis h a n d fis h e r y supply chain
The fish and fishery supply chain is unique in the sense that they include much distinct type of production, processing and trading. In order to collect the information, there has been carried out an identification o f the main stakeholders in the sale chain o f the fishery products, who interact according to certain activities, possibly producing new lots, as it is shown in Fig. 1 . This figure shows a fish and fisheries supply chain as a whole. Fig. 1 , General Food Chain Assurance [18] Pre-farm gate, depending on the origin o f the fish as raw material, are farms or fishing vessels and fishermen and importers. For fish coming from aquaculture, the farms may be hatcheries in basins/pond and recirculating systems. For fish that comes from commercial fishing, this may be wild fish, from industrial fishing, like inland natural basins and Black Sea and from traditional fishing, like inland natural basins and Danube Delta. First sale centers are the link between the producer, processors and traders. Processors are the supply chain center, here being focused most of their capital, technology and human resources. At the processors occur most changes. From the producers or first sale centers, fish and fishery products are delivered to other stakeholders, who may be Processors or Distributors. The last actor in the commercial stream is the final consumer, for whom it is very important to be able to identify the purchased product. As concerns the trading systems for fish and fishery products, these include wholesale markets, supermarkets and hypermarket chains, direct purchase from local producers, small self-dependent stores and, less widely spread, ecommerce. Consumers are the end of the supply chain. When the traceability system meets all participants -consumers and producers' requirements, then the anticipated benefits will be obtained:
B. Recording, storage a n d retrieva l o f inform ation
The general objectives o f the food traceability system are, as it follows [19] :
• to trace the flow of materials;
• to identify the documentation connected with the tracking o f each stage of processing;
• to ensure adequate coordination between the different parties involved;
• to improve the communication among the stakeholders;
• to improve the appropriate use and reliability of information, and the effectiveness.
Fish from wild fishing and aquaculture, as well as processed products must be properly labelled. The labels have to include the following information: commercial name o f the species, production methods and the catch area or the country o f production. In order to provide this information, TraSiPesc software respects the general principle of the food traceability, which is One-step-forward / One -step-back [19] . All the data collected on inputs, process, and outputs are collected by the business operators and stored in the database. The traceability system is able to provide a ftdl history of any batch of fish and fishery products and to respond to the "one-up, one-down" principle o f traceability, according to whom an operator is able to identify the supplier and the receiver o f any given product. If the business operators provide written invoices, the information can be recorded on the invoice. If not, the form in the box provides a means of capturing transaction data in a small-scale fishery or aquaculture business.
In order to provide the facilities for satisfying the fish and fishery products requirements, the TraSiPesc Software is structured on the following sections:
• a public area, intended for all checking the information, called Traceability;
• a private area, intended for companies, called Division Into Batches;
• a second private area, for portal administration, named Administration.
The functions used in the three sections for achieving the intended purpose are as follows:
• Functions of the Administration section:
• user logging in;
• definition o f users and their type;
• lists.
• Functions of the Division into Batches section:
• for the division into batches from fishing: recording catches;
• for aquaculture: recording catches from aquaculture;
• for Division into Batches from import registration: recording catches from imports;
• for registering the moves to distributors / processors: taking over raw materials; 2D barcode printing.
• Functions of the Traceability Check section:
• traceability checking The Administration and Division into Batches sections are only available to the users with rights o f access, these being considered to be restricted areas of the application. Access to the private areas o f the portal will only be in a secured manner, using digital certificates or SSL. Additionally, it will be done the login in the application based on user and password, the user being even the email address declared at the definition of the user. The user will be definite by the administrator, only.
Moreover, regarding the fish and fishery products, the establishment o f traceability system and production must have information about breeding production, feed production, testing analysis, transport during, processing and pack, and trading and consumption. All the traceable information can be provided through various ways and include labelling or packaging o f the products and commercial documents accompanying products, including the invoice or sales note [20] , In order to make possible a fast identification o f the traceability of a fishery product, there are developed functions o f information storage for all the times when fish and fishery movements occur among the actors within the supply chain. Any receipt of fish and fishery products involves separation into batches. Additionally, any transformation and processing o f products involves a separation into batches. The first-sale centers, aquaculture farms and importers have the role of separating into batches the first inputs. On the route o f the products, the batches could be divided into new batches, according to the purpose of the purchase (distribution or processing) [21] , The traceable unit used for identification is the batch. At any stage of food production, processing and distribution, when the shape or the packaging style of the food product changes, the traceable unit may change. A batch records should be prepared on receipt of the physical inputs.
The consumer can identify the route of fish and fishery products based on the matrix bar code by using a smartphone, or with the data on the fiscal receipt and produced in front of a computer or at an Infopoint connected to the Internet. There have been also generated and printed matrix barcodes to simulate the manner in which companies will be able to print barcodes that can be made available to the consumer.
Any of the actors with roles o f re-division into batches may print CB 2D labels with primary information content, from the first division into batches. They can access the application o f fishery products traceability check with the parameters for the Tax Identification Code of Company and Lot, depending on which to allow an analysis o f the product movement, that is, batch identification (which is the output batch) -the last in the chain, and to restore the previous movement, until the first division into batches.
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Fig. 2. Sample of barcode label
At the distributor /processor, it will be able to print a 2D barcode label. The 2D barcode used will be QR V5 (37x37) with error correction level, which allows reading the barcode even if 15% o f it is destroyed. Using this coding version, there can be encoded up to 122 alphanumeric characters, as it is shown in Fig. 2 . It will contain both information that does not require Internet access, and information that is needed through Internet access for querying the database. The information that is contained in the barcode is:
• the date of the catching;
• hydrographical basin (in case it comes from a first sale center);
• batch number;
• TI of the trading company that gave the batch number;
• data required for querying the database.
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1) T raceability System f o r F ish a n d F ishery P roducts G eneral A rchitecture
The traceability chain needs to be encoded in order to ensure the traceability and integrity for the information connecting with each participating products and parts. A complete and correct traceability chain is die key point [22] .
The TraSiPesc traceability system uses a Microsoft SQL Server database for data storage, the WEB application being supported by a framework developed in JavaScript, a programming language that is recognized by all the browsers, irrespective o f the operating system on which it is running, thus being ensured the independence to the device on which the application runs. The overall structure of the system is shown in Figure 3 . Its development was based on the observation o f all the requirements for functionality described previously. 
1) B a ck-end D ata Stru ctu re
The application connects to the ODBC database. Open Database Connectivity (ODBC) is a standard that allows the applications to read from almost all databases available currently. The application can then establish a connection without needing to know where or to what type o f database it connects, being an easier manner to change or update the source. The database structure has been thus created so as to allow the entry, processing and querying of information necessary for carrying out traceability o f fish and fishery products throughout the chain o f sale by all stakeholders involved.
The system uses a Microsoft SQL Server database. Microsoft is a very popular relational system o f customerserver database. Microsoft SQL and Oracle are among the leading database management systems. Microsoft SQL Server is easy to use, does not need maintenance, is very reliable and allows easy use o f databases. It can work effectively without monitoring or administering an authorized person. It can be said that is having self-administration and self-regulating features with minimal involvement. From the data protection viewpoint, it has a backup system that can be achieved manually or automatically with advanced recovery mechanisms.
As is stated in Wikipedia, cloud computing represents a modem concept in the field o f computers and informatics, representing a distributed set o f computing, applications, access to information and data storage, without the user having to know the physical location and configuration o f the systems that are providing these services.
The storage and manipulation o f classic databases on a regular computer is quite unsafe. For example, most o f the operators, at least once, they had troubles with a classic database, regardless o f their nature. If the work is performed with a cloud database and there is, for example, a power surge, everything that has been performed on the database is in the cloud, automatically saved. In addition, if the computer contains viruses, it is possible to move to any other computer and keep working, while the compromised computer is reinstalling / formatted. In the cloud, the professionals who access them, based on, can only operate databases: username, password, and access level. Therefore, it is well known how and when the database was operated. Access to the databases is encrypted in order to prevent them from being intercepted by third parties, and the backup o f databases is performed daily on servers located in different geographic locations.
1) M iddlew are Web S ervices a n d P rogram m ing L anguage
Internet Information Server -is a set of Internet services intended for servers produced by Microsoft that use the Microsoft Windows system. This is the second most popular web server, being surpassed only by the industry leader, Apache HTTP Server. At present, servers include protocols such as FTP, FTPS, SMTP, NNTP, §i HTTP/HTTPS.
The middleware programming language used for developing the TraSiPesc traceability system is C#: C#, which is a programming language, with around 80 key words and 12 types o f predefined data. It allows structured, modular and object-oriented programming, according to the modem perceptions o f professional programming. The basic principles o f object programming (ENCASULATION, HERITAGE, POLYMORFISM) are fundamental elements o f the CM programming.
2) C lient S id e Technologies
a) JavaScript Skunk is a framework developed in JavaScript, a framework built for single-page web applications (Single Page Application). It has been carried out for this type o f applications as a single page explication looks like a desktop application, being much faster than a standard web application due to the upload manner.
b) S ku n k F ram ew ork
Using the Skunk Framework reduces largely the part o f code written for an application. This allows the use o f HTML language as a template and allows the extension o f HTML syntax in order to form components in a clear and concise way. The Skunk Framework simplifies the development o f interactive web applications. Skunk Framework follows the Model-View-Controller (MVC) pattern, which divides the application into three components: model, view and controller. The model contains data that the user manipulates. The component includes the elements displayed in the application, which can be viewed and used by the user with a view to entering or displaying data, and the controller component works as an interface between the other two and processes business logic and requests, manipulates data using the model component and interacts with the view component for displaying the results.
c) One Page Application
One of the reasons for which traditional websites are slow is because they focus on distributing static content pages one after another. A better approach for developing web applications is the web application in Single Page Application (SPA). Such an application gives the benefits o f a desktop application in the Internet browser. The result is an extremely responsive experience that surprises the users. A single-page application is an application provided to the Internet browser that does not reload during use. Like all apps, it is designed to help the user in completing a task. Fig. 4 shows how logic and HTML generation migrate from server to client.
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Fig. 4. Comparation between traditional and novel solutions
The main benefit of the application on a single page compared to a traditional site is that it offers the users a much more interesting experience. It can provide two good things at the same time: the character o f a desktop application and the portability and accessibility o f a website. A desktop application interpretation is given by re-drawing only the parts of the interface that will change whenever necessary. A traditional site re-draws the entire page using a break time while the browser takes over from the server and re-draws everything on the page. A single-page application can respond as fast as a desktop application, minimizing the time of response by transitory movement of data and processing from server to browser as much as possible. The logical part of the application takes swiftly the most decisions locally, and only data validating, authentication and permanently storage remaining on the server. A traditional website has the largest part of logics on the server, and the user has to wait for a request, a response, or a re-drawing cycle, which might take a few seconds, in contrast with the immediate response o f an application on a single page.
A single-page application can be updated instantly and distributed as a website. Another benefit is the independence of platform, similar to a website, unlike most desktop applications. An application on a single page can work on any operating system, this being a developer's benefit extremely useful for many users having a combination of devices with different operating systems. All these benefits have led to choosing this technology to develop the traceability system for fish and fishery products, for the purpose of an easy use by all actors, and, especially, by end-users.
D. Testing the Inform ation System fo r the Traceability o f F ishery Products
The information system testing has been executed following each iteration. In the final steps of development, it has been resumed testing of the entire application, not only the current iteration result, to determine how well the application corresponds to the functional specifications for which it was designed.
For each functionality o f the application, there have been established the test cases that are to be executed. One test consists of the program execution for a chosen input data set that has certain features, in order to verify whether the result obtained is correct.
A test case is an input data set together with the output data that the program should produce and which the user is waiting for as a response. Testing is the activity of designing test cases, tests running and test results evaluation at various stages o f development. The absolute purpose of the testing process is to identify the software errors, to isolate and fix or correct the faults that caused these errors. Because testing cannot 100%, prove that the product works properly under any circumstances, only testing can prove that the product is not working adequately under certain conditions. 
IV. CONCLUSIONS
Since in Romania there is not available a legal framework that imposes the collection, introduction and reporting of the information connected with the fish and fishery products traceability in a system implemented at the national level by farmers, importers, processors and distributors, they can reluctantly receive the traceability system. The system design reaches the objectives assumed in the design stage only if can be guaranteed the accuracy and continuity of the information, which involves the enrolment in the traceability system, by all those involved in the information flow. Else, it is possible that the information displayed at the time of query to be truncated. A traceability system developed based on the requirements of the main stakeholders involved in the supply chain of fish and fishery products and on efficiency principles like in cloud solution is, represents only one-step for its acceptation and implementation. A support from administrative bodies could influence the occurrence of gaps in the information from the traceability system and would decisively lead to the accomplishment of the objectives assumed in the stage of proposal and design. 
